Production of volatile and nonvolatile metabolic acids in blood culture broths by aerobic, facultative anaerobic, and obligate anaerobic bacteria was analyzed by gas-liquid chromatography. Anaerobic blood culture isolates were presumptively identified by the qualitative analysis of volatile fatty acids. Isolates, with a characteristic Gram stain reaction and cellular morphology, were identified by the following acid patterns: Bacteroides fragilis group with acetic and propionic acids; Fusobacterium with acetic, butyric, and usually propionic acids; Veillonella with acetic and propionic acids; gram-positive cocci with acetic and butyric acids; and Clostridium with acetic and butyric acids.
Analysis by gas-liquid chromatography (GLC) of volatile and nonvolatile metabolic acids was initially used by Holdeman and associates for the taxonomic classification of obligate anaerobes (3) and is commonly used now in many clinical laboratories to supplement biochemical tests for anaerobic identification. Gorbach and co-workers (2) and others (1, 5) used direct GLC analysis to presumptively identify the presence of anaerobes in clinical specimens. Wust (6) reported the presumptive identification of anaerobic bacteremias by the quantitative GLC analysis of positive blood culture broths. Although Wust analyzed the volatile and nonvolatile metabolic acids with a chromatograph equipped with flame ionization detectors, most microbiology laboratories use chromatographs with the less sensitive and less expensive thermal conductivity detectors.
In the present study, positive blood culture broths were qualitatively analyzed by GLC for the presence of metabolic acids. Most anaerobic blood culture isolates could be accurately identified by the presence of characteristic volatile fatty acids detected with a chromatograph equipped with a thermal conductivity detector.
( and with 0.025% sodium polyanetholsulfonate. The routine processing of these cultures has been described previously (4) . Additional simulated positive blood cultures were prepared by injecting stock bacterial cultures into 10-day-old negative blood culture broths.
On the day of initial detection, all positive broths were analyzed by GLC for metabolic by-products. Approximately 3 ml of broth was removed and centrifuged at 3,000 x g for 10 min. Methylated derivatives of the nonvolatile acids and ether extracts of the volatile acids were prepared from the supernatant fluid according to the methods described by Holdeman and co-workers (3).
A Gow-Mac (model 69-550) gas chromatograph equipped with a thermal conductivity detector and dual column oven was used. The bacteria, respectively. Summarized in Table 3 are the volatile fatty acid patterns which were used to identify the most common obligate anaerobic blood culture isolates. A total of 12 of 13 isolates of B. fragilis group, and one isolate of Proteus morganii, produced significant quantities of acetic and propionic, but not butyric, acids. All five isolates of Fusobacterium produced acetic and butyric acids, and four produced propionic acid. The two isolates of Veillonella produced both acetic and propionic acids, whereas the two aerobic gram-negative cocci which were tested, Neisseria gonorrhoeae and N. meningitidis, did not produce any volatile acids. Five of the 10 obligate anaerobic grampositive cocci produced both acetic and butyric acids and were differentiated from the aerobic cocci, which produced only acetic acid. Eight of nine Clostridium isolates, including all three acetic and butyric acids, whereas only one other gram-positive bacillus, a Bacillus species, produced these volatile acids. Production of volatile fatty acids in polymicrobial bacteremias. Nine polymicrobial bacteremias occurred in this study. Five polymicrobial cultures were initially detected by Gram staining the blood culture broth. In two of the other four cultures, isolates of the B. fragilis group were detected by the presence of pleomorphic gram-negative bacilli associated with the production of acetic and propionic, but not butyric, acids. However, in two mixtures of B. fragilis and Fusobacterium, the production of acetic, propionic, and butyric acids was characteristic of Fusobacterium strains, and B. fragilis was not initially detected. DISCUSSION In the present study, anaerobic blood culture isolates were presumptively identified by the qualitative analysis of the volatile metabolic acids with a chromatograph equipped with thermal conductivity detectors. Analysis of the nonvolatile acids was not necessary. Wust (6) reported that succinic acid was a characteristic metabolic product for Bacteroides spp., although he noted that it was also produced by facultative anaerobic and aerobic bacteria. Gorbach and co-workers (2) also reported that succinic acid was produced by E. coli. In our experience the amounts of succinic acid that were produced by Bacteroides and Enterobacteriaceae isolates were indistinguishable. Both aerobic and anaerobic gram-positive cocci produced similar quantities of lactic acid. Although lactic acid was produced by Clostridium (three of nine isolates) and Lactobacillus, and was not associated with the aerobic gram-positive bacilli analyzed herein, we believe the limited information obtained with this analysis does not justify the additional extraction.
In the present study, an accurate presumptive identification of most obligate anaerobic blood culture isolates was possible with the volatile acid patterns alone (Table 3) . Although Wust (6) found butyric and isovaleric acids associated with B. fragilis, these acids were not commonly detected in the present study (Table 2) 
